
U.S. Department of the Interior
U.S. Geological Survey

Scientific Investigations Report 2009–5265

Prepared in cooperation with the U.S. Department of the Army

Hydrology, Water Quality, and Water-Supply Potential  
of Ponds at Hunter Army Airfield, Chatham County, Georgia, 
November 2008–July 2009



Cover.  Photographs of ponds at Hunter Army Airfield, Chatham County, Georgia.

Halstrum Pond

Oglethorpe Lake.  
Photo by Michael D. Hamrick, USGS.

Wilson Gate Pond

Golf Course Pond



Hydrology, Water Quality, and Water-Supply Potential  
of Ponds at Hunter Army Airfield, Chatham County, 
Georgia, November 2008–July 2009

By John S. Clarke and Jaime A. Painter

Prepared in cooperation with the U.S. Department of the Army

Scientific Investigations Report 2009 – 5265

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
KEN SALAZAR, Secretary

U.S. Geological Survey
Marcia K. McNutt, Director

U.S. Geological Survey, Reston, Virginia: 2010

For more information on the USGS—the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment, visit http://www.usgs.gov or call 1-888-ASK-USGS

For an overview of USGS information products, including maps, imagery, and publications,  
visit http://www.usgs.gov/pubprod

To order this and other USGS information products, visit http://store.usgs.gov

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to 
reproduce any copyrighted materials contained within this report.

Suggested citation:
Clarke, J.S., and Painter, J.A., 2010, Hydrology, water quality, and water-supply potential of ponds at Hunter Army 
Airfield, Chatham County, Georgia, November 2008 –July 2009: U.S. Geological Survey Scientific Investigations  
Report 2009–5265, 34 p.

http://www.usgs.gov
http://www.usgs.gov/pubprod
http://store.usgs.gov


iii

Contents

Abstract............................................................................................................................................................1
Introduction ....................................................................................................................................................2

Purpose and Scope...............................................................................................................................2
Previous Study.......................................................................................................................................2
Description of Study Area....................................................................................................................2
Acknowledgments.................................................................................................................................4

Approach .........................................................................................................................................................5
Determination of Pond Volume and Area..........................................................................................5
Estimation of Net Groundwater Seepage..........................................................................................5
Discharge Measurements....................................................................................................................7
Determination of Pond Water Quality ................................................................................................7

Hydrology and Water Quality........................................................................................................................8
Oglethorpe Lake.....................................................................................................................................8

Bathymetry and Pond Volume....................................................................................................8
Water Budget..............................................................................................................................10
Water Quality...............................................................................................................................14

Halstrum Pond......................................................................................................................................16
Bathymetry and Pond Volume..................................................................................................16
Water Budget..............................................................................................................................18
Water Quality...............................................................................................................................20

Wilson Gate Pond................................................................................................................................21
Bathymetry and Pond Volume..................................................................................................21
Water Budget..............................................................................................................................23
Water Quality...............................................................................................................................25

Golf Course Pond.................................................................................................................................26
Streamflow...................................................................................................................................27
Water Quality...............................................................................................................................28

Water-Supply Potential................................................................................................................................29
Oglethorpe Lake...................................................................................................................................30
Halstrum Pond......................................................................................................................................30
Wilson Gate Pond................................................................................................................................30
Golf Course Pond.................................................................................................................................31

Summary .......................................................................................................................................................33
Selected References ...................................................................................................................................34



iv

Figures
	 1.  Map showing location of selected ponds in the Hunter Army Airfield area,  

Chatham County, Georgia.............................................................................................................3
	 2–3.	 Graphs showing—
	 2.  Mean monthly precipitation and mean monthly pan evaporation at National 

Weather Service Station 097847, Savannah International Airport, Georgia..............4
	 3.  Total monthly precipitation and cumulative departure from normal precipitation 

at National Weather Service Station 097847, Savannah International Airport, 
Georgia, 2005 –2009...............................................................................................................4

	 4.  Diagram showing conceptual model of pond-aquifer flow for coastal area  
seepage ponds...............................................................................................................................6

	 5.  Image showing Oglethorpe Lake, Hunter Army Airfield, Chatham County, Georgia..........8
	 6.  Map showing bathymetry of Oglethorpe Lake, Hunter Army Airfield,  

Chatham County, Georgia, December 2008 and April 2009.....................................................9
	 7–9.	 Graphs showing—
	 7.  Stage and total daily precipitation at Oglethorpe Lake, Hunter Army  

Airfield, Chatham County, Georgia, November–December 2008................................10
	 8.  Relation of pond stage to computed volume and surface area, and  

regression fit of data, Oglethorpe Lake, Hunter Army Airfield,  
Chatham County, Georgia..................................................................................................10

	 9.  Hydrologic and climatic data at Oglethorpe Lake, Hunter Army Airfield,  
Chatham County, Georgia, and vicinity, November–December 2008: Daily 
precipitation and net precipitation at Oglethorpe Lake, and estimated  
daily evapotranspiration at the Bamboo Farm, Georgia Environmental  
Monitoring Site; net groundwater seepage; pond stage; and cumulative  
daily pond discharge..........................................................................................................11

	10–11.	 Photographs showing
	 10.  Dam leakage at Oglethorpe Lake, Hunter Army Airfield, Chatham County,  

Georgia, November 2008...................................................................................................12
	 11.  Oglethorpe Lake on December 3, 2008, after stage lowered by 1.42 feet.................12
	12–14.	 Graphs showing—
	 12.  Daily average pond discharge at Oglethorpe Lake, Hunter Army Airfield,  

Chatham County, Georgia, November 7–December 31, 2008......................................13
	 13.  Cumulative daily change in pond volume, discharge, net precipitation,  

and net groundwater seepage, Oglethorpe Lake, Hunter Army Airfield,  
Chatham County, Georgia, November–December 2008...............................................13

	 14.  Water-quality profile at Oglethorpe Lake, Hunter Army Airfield,  
Chatham County, Georgia, April 22, 2009........................................................................15

	 15.  Image showing Halstrum Pond, Hunter Army Airfield, Chatham County, Georgia...........16
	 16.  Photograph showing Halstrum Pond looking westward toward earthen dam,  

Hunter Army Airfield, Chatham County, Georgia....................................................................17
	 17.  Map showing bathymetry of Halstrum Pond, Hunter Army Airfield,  

Chatham County, Georgia, December 2008.............................................................................17
	18–22.	 Graphs showing—
	 18.  Stage and daily total precipitation at Halstrum Pond, Hunter Army Airfield, 

Chatham County, Georgia, November–December 2008...............................................18
	 19.  Relation of pond stage to computed volume and surface area, and regression  

fit of data, Halstrum Pond, Hunter Army Airfield, Chatham County, Georgia...........18



v

	 20.  Hydrologic and climatic data at Halstrum Pond, Hunter Army Airfield,  
Chatham County, Georgia, and vicinity, November–December 2008: Daily 
precipitation and net precipitation at the Halstrum Pond, and estimated  
daily evapotranspiration at the Bamboo Farm, Georgia Environmental  
Monitoring Site; net groundwater seepage; pond stage; and cumulative  
daily pond discharge..........................................................................................................19

	 21.  Cumulative daily change in pond volume and discharge and net  
precipitation and net groundwater seepage, Halstrum Pond, Hunter  
Army Airfield, Chatham County, Georgia, November–December 2008.....................20

	 22.  Water-quality profile at Halstrum Pond, Hunter Army Airfield,  
Chatham County, Georgia, April 21, 2009........................................................................20

	 23.  Image showing Wilson Gate pond, Hunter Army Airfield, Chatham County, Georgia.....21
	 24.  Photograph showing Wilson Gate pond from top of earthen dam looking  

westward, Hunter Army Airfield, Chatham County, Georgia................................................21
	 25.  Map showing bathymetry of Wilson Gate Pond, Hunter Army Airfield,  

Chatham County, Georgia, December 2008.............................................................................22
	26–30.	 Graphs showing—
	 26.  Stage and estimated daily total precipitation at Wilson Gate Pond, Hunter  

Army Airfield, Chatham County, Georgia, November–December 2008 ....................23
	 27.  Relation of pond stage to computed volume and surface area, and 

regression fit of data, Wilson Gate Pond, Hunter Army Airfield,  
Chatham County, Georgia..................................................................................................23

	  28.  Hydrologic and climatic data at Wilson Gate Pond, Hunter Army Airfield, 
Chatham County, Georgia, and vicinity, November–December 2008: Daily 
estimated precipitation and net precipitation at Halstrum Pond, and estimated 
daily evapotranspiration at the Bamboo Farm, Georgia Environmental  
Monitoring Site; net groundwater seepage; and pond stage.....................................24

	 29.  Cumulative daily change in pond volume, net precipitation, and net  
groundwater seepage, Wilson Gate Pond, Hunter Army Airfield,  
Chatham County, Georgia, November–December 2008...............................................24

	 30.  Water-quality profile at Wilson Gate Pond, Hunter Army Airfield,  
Chatham County, Georgia, April 21, 2009........................................................................25

	 31.  Image showing golf course pond, Hunter Army Airfield, Chatham County, Georgia.......26
	 32.  Photograph showing weir at golf course pond Hunter Army Airfield,  

Chatham County, Georgia...........................................................................................................26
	33–34.	 Graphs showing—
	 33.  Periodic streamflow at site 02203542, Harmon Canal, Hunter Army Airfield, 

Chatham County, Georgia, 1979–87.................................................................................27
	 34.  Hourly streamflow at golf course pond, Hunter Army Airfield,  

Chatham County, Georgia, February–July 2009.............................................................27
	35–37.	 Graphs showing hypothetical rate of depletion of pond volume at  

pumping rates of 1,000, 500, and 250 gallons per minute for 8 hours per day  
for long-term climatic conditions during July at—

	 35.  Oglethorpe Lake, Hunter Army Airfield, Chatham County, Georgia...........................30
	 36.  Halstrum Pond, Hunter Army Airfield, Chatham County, Georgia..............................30
	 37.  Wilson Gate Pond, Hunter Army Airfield, Chatham County, Georgia.........................30
	 38.  Graphs showing average daily golf course water use, 2005–07, periodic streamflow 

measurements during 1979–87, and average daily streamflow during March– 
July 2009, golf course pond, Hunter Army Arifield, Chatham County, Georgia.................31



vi

Tables
	 1.  Water quality analysis of ponds at Hunter Army Airfield, Chatham County,  

Georgia, April 2009.......................................................................................................................14
	 2.  Statistical summary of streamflow data at golf course pond, Hunter Army Airfield, 

Chatham County, Georgia, 1979–87 and 2009..........................................................................28
	 3.  Summary of pond volume and net groundwater seepage and pond-volume  

depletion rates for Oglethorpe Lake and Halstrum and Wilson Gate Ponds,  
Hunter Army Airfield, Chatham County, Georgia....................................................................29

	 4.  Water use at golf course, Hunter Army Airfield, 2005–07.....................................................32



vii

Conversion Factors and Datums

Multiply By To obtain

Length

inch 2.54 centimeter (cm)
inch 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

acre 4,047 square meter (m2)
acre 0.4047 hectare (ha)
acre 0.4047 square hectometer (hm2) 
acre 0.004047 square kilometer (km2)
square foot (ft2) 929.0 square centimeter (cm2)
square foot (ft2)  0.09290 square meter (m2)
square mile (mi2) 259.0 hectare (ha)
square mile (mi2)  2.590 square kilometer (km2) 

Volume

gallon (gal)  3.785 liter (L) 
gallon (gal)  0.003785 cubic meter (m3) 
gallon (gal) 3.785 cubic decimeter (dm3) 
million gallons (Mgal)   3,785 cubic meter  (m3)

Flow rate

cubic foot per second (ft3/s)  0.02832 cubic meter per second (m3/s)
gallon per minute (gal/min)  0.06309 liter per second (L/s)
gallon per day (gal/d)  0.003785 cubic meter per day (m3/d)
million gallons per day (Mgal/d)  0.04381 cubic meter per second (m3/s)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F = (1.8 × °C) + 32

Temperature in degrees Fahrenheit (°F) may be converted to degrees  Celsius (°C) as follows:
°C = (°F – 32) / 1.8

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88).

Horizontal coordinate information is referenced to North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm  
at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) 
or micrograms per liter (µg/L).



viii



Hydrology, Water Quality, and Water-Supply Potential  
of Ponds at Hunter Army Airfield, Chatham County, 
Georgia, November 2008–July 2009

By John S. Clarke and Jaime A. Painter

Abstract

The hydrology, water quality, and water-supply potential 
of four ponds constructed to capture stormwater runoff at 
Hunter Army Airfield, Chatham County, Georgia, were 
evaluated as potential sources of supplemental irrigation 
supply. The ponds are, Oglethorpe Lake, Halstrum Pond, 
Wilson Gate Pond, and golf course pond. During the dry 
season, when irrigation demand is highest, ponds maintain 
water levels primarily from groundwater seepage. The avail-
ability of water from ponds during dry periods is controlled 
by the permeability of surficial deposits, precipitation and 
evaporation, and the volume of water stored in the pond. Net 
groundwater seepage (Gnet) was estimated using a water-
budget approach that used onsite and nearby climatic and 
hydrologic data collected during November–December 2008 
including precipitation, evaporation, pond stage, and discharge. 

Gnet was estimated at three of the four sites—Oglethorpe 
Lake, Halstrum Pond, and Wilson Gate Pond—during 
November–December 2008. Pond storage volume in the 
three ponds ranged from 5.34 to 12.8 million gallons. During 
November–December 2008, cumulative Gnet ranged from 
–5.74 gallons per minute (gal/min), indicating a net loss in 
pond volume, to 19 gal/min, indicating a net gain in pond 
volume. During several periods of stage recovery, daily 
Gnet rates were higher than the 2-month cumulative amount, 
with the highest rates of 178 to 424 gal/min following major 
rainfall events during limited periods. These high rates may 
include some contribution from stormwater runoff; more 
typical recovery rates were from 23 to 223 gal/min.

A conservative estimate of the volume of water available 
for irrigation supply from three of the ponds was provided 
by computing the rate of depletion of pond volume for a 
variety of withdrawal rates based on long-term average 
July precipitation and evaporation and the lowest estimated 

Gnet rate at each pond. Withdrawal rates of 1,000, 500, and 
250 gal/min were applied during an 8-hour daily pumping 
period. At a withdrawal rate of 1,000 gal/min, available 
pond volume would be depleted in 13–29 days, at a rate of 
500 gal/min in 24–60 days, and at a rate of 250 gal/min, in 
44 to 130 days. In each case, Halstrum Pond had the largest 
amount of available pond volume.

The water-supply potential at the golf course pond 
was assessed by measuring flow downstream from the pond 
during February–July 2009, and examining historic stormflow 
measurements collected during 1979–87. Streamflow during 
both of these periods exceeded average daily (2005–2007) golf 
course water use. Assuming an 8-hour daily irrigation period, 
the average discharge rate required to meet Golf Course water 
demand during peak demand months of March–May and 
July–October exceeds 200 gal/min, with the greatest rate of 
531 gal/min during July. During February–July 2009, daily 
average streamflow downstream of the golf course pond 
exceeded 238 gal/min 90 percent of the time. 

Based on samples collected for chemical analysis during 
April 2009, water from all four ponds at Hunter Army Airfield 
is fresh and suitable for irrigation supply, with chloride 
concentrations below 12 milligrams per liter. With the excep-
tion of iron in Wilson Gate Pond, constituent concentrations 
are below U.S. Environmental Protection Agency primary 
and secondary drinking water maximum contaminant levels. 
Water in Wilson Gate Pond contained an iron concentration of 
419 mg/L, which exceeds the secondary maximum contami-
nant level of 300 micrograms per liter. Although not a health 
hazard, when the iron concentration exceeds 300 micrograms 
per liter, iron staining of sidewalks and plumbing fixtures may 
occur. Levels of dissolved oxygen were below the Georgia 
Environmental Protection Divison standard of 4 milligrams 
per liter for waters supporting warm-water fishes at deeper 
depths in Oglethorpe Lake, Wilson Gate Pond, and Halstrum 
Pond, and in the composite sample at the golf course pond.
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Introduction 
The Upper Floridan aquifer is the principal source of 

water in the coastal area of Georgia, but declining water levels 
and localized occurrences of salt-water contamination have 
resulted in restricted (“capped”) withdrawals from the Upper 
Floridan aquifer in parts of the coastal area and have spurred 
interest in developing supplemental sources of water. To meet 
the growing water demand at Hunter Army Airfield (HAAF) 
in Chatham County, Georgia, four ponds—Oglethorpe Lake, 
Halstrum Pond, Wilson Gate Pond, and golf course pond— 
are being considered as possible sources of supplemental 
irrigation supply (fig. 1). To assess the water-supply potential 
and water quality of these ponds, the U.S. Geological Survey 
(USGS), in cooperation with the U.S. Department of the 
Army, conducted field investigations during November 2008–
July 2009. 

Purpose and Scope

This report describes results of investigations to evaluate 
the water-supply potential at pond sites at HAAF, Georgia. 
Included are 

•	 Descriptions of local site setting and  
pond bathymetry; 

•	 Estimates of the volume of water stored in  
Oglethorpe Lake, and Halstrum and Wilson Gate 
Ponds over a range of stages;

•	 Estimates of net groundwater seepage derived  
from water-budget analyses and pond-discharge  
tests for Oglethorpe Lake, and Halstrum, and  
Wilson Gate Ponds under dry climatic conditions;

•	 Estimated flow rates downstream from the  
discharge weir at golf course pond; and

•	 Determination of suitability of pond water  
quality for irrigation purposes.

Data collection included installation of stage recorders 
in Oglethorpe Lake, and Halstrum and Wilson Gate Ponds, 
and in the canal draining the golf course pond. Precipitation 
was monitored using new raingages installed at Ogtlethorpe 
Lake and Halstrum Pond, and existing raingages used for 
stormwater monitoring at Wilson Gate and golf course ponds. 
Evaporation estimates were obtained from an existing Georgia 
Automated Environmental Monitoring Network (GaEMN) 
site, the Bamboo Farm in Chatham County, about 8–9 miles to 
the west of the study area (Georgia Automated Environmental 
Monitoring Network, 2009). Stream-discharge measurements 
were made over a range of conditions to establish a stage-
discharge rating at the golf course pond drainage canal. Water 
samples were collected and analyzed for major ions and 
nutrients from each of the four ponds during April 2009. 

Previous Study

Clarke and Abu Rumman (2004) described results of 
investigations to evaluate the water-supply potential at seepage 
pond sites at Brunswick, in Glynn County, and in southern 
Bulloch County, Georgia. This study included descriptions of 
the hydrogeologic setting, estimates of a hydrologic budget 
and groundwater seepage rates, development and calibration 
of steady-state and transient groundwater flow models, and 
an assessment of water availability based on pond pumping 
tests and simulation results. Their study concluded that the 
availability of water from seepage ponds is controlled by the 
permeability of surficial deposits, the amount of precipitation 
recharging the groundwater system, and the volume of water 
stored in the pond. At both sites, most groundwater seepage 
entered the pond following major rainfall events that provided 
recharge to the surficial aquifer. The ponds at HAAF are 
located in a setting similar to the Glynn County site. At the 
Glynn County site, Clarke and Abu Rumman (2004) reported 
that net groundwater seepage, estimated using water-budget 
analysis and simulation, ranged from –11.5 to 15 gallons per 
minute (gal/min) during August 1999 to May 2000. Simulated 
values during pond pumping tests indicate that groundwater 
seepage increases with decreased pond stage. At the Glynn 
County pond, simulated net groundwater seepage increased 
from 7.8 to 103 gal/min in response to a 2-foot (ft) decrease 
in pond stage caused by pumping.

Description of Study Area

HAAF is located in western Chatham County, Georgia 
(fig. 1), in the Coastal Lowlands physiographic division 
(LaForge and others, 1925), near the Atlantic Ocean, in an area 
characterized by low relief and high-permeability sandy soils. 
Sandy soils compose the surficial aquifer, which is recharged 
by precipitation and discharges water to ponds, wetlands, and 
surface streams in the area. During dry periods, excavated 
ponds, such as those at HAAF, derive water primarily from 
groundwater seeping into the pond, in a manner similar to a 
dug or bored well completed in a surficial aquifer. 

Four ponds constructed to capture stormwater runoff at 
HAAF were evaluated as potential sources of supplemental 
irrigation supply—Oglethorpe Lake, Halstrum Pond, Wilson 
Gate Pond, and golf course pond (fig. 1). Oglethorpe Lake, 
and Halstrum and Wilson Gate Ponds range in area from 
4.6 to 9.5 acres, and in maximum depth from about 6 to 16 ft. 
Area and depth of the golf course pond were not delineated 
because streamflow records were used as a basis for evaluation 
and a detailed water budget analysis was not required. More 
detailed descriptions of individual ponds are provided in later 
sections of the report. 

The study area has a mild climate with warm, humid 
summers and mild winters. Long-term climatic patterns in 
the area are provided by records from the National Weather 
Service Station at Savannah International Airport (097847). 
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During 1971–2000, precipitation at station 097847 averaged 
about 49 inches per year (in/yr). Maximum monthly rainfall 
(exceeding 4 inches per month) generally occurs during 
June–September, with monthly rainfall totals averaging less 
than 4 inches during the rest of the year (fig. 2). Mean monthly 
pan evaporation at station 097847 during 1965–2003 ranged 
from 2.43 to 8.49 inches per month, with the greatest evapo
ration during April–August. Monthly total precipitation and 

the cumulative departure from long-term average or “normal” 
precipitation for January 2005–May 2009 at station 097847 
is shown in figure 3. Precipitation data indicate that pond 
water-budget evaluations at HAAF were conducted during a 
period of largely above-normal precipitation in November–
December 2008, after a period of below-normal precipitation 
during January–September 2008.
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Approach 
This study investigated water availability and water 

quality at four pond sites at HAAF, which included:
•	 Determination of the volume of water stored in 

Oglethorpe Lake, Halstrum Pond, and Wilson Gate 
Pond under a range of stage conditions; 

•	 Measurement of streamflow discharging from  
the golf course pond and development of a stage- 
discharge relation to determine flow rates over  
a range of climatic conditions;

•	 Estimating net groundwater seepage by developing 
hydrologic budgets for Oglethorpe Lake and  
Halstrum and Wilson Gate Ponds; and

•	 Sampling and analysis for pond water quality.

Determination of Pond Volume and Area

Digital maps of pond bathymetry in Oglethorpe Lake, 
and Halstrum and Wilson Gate Ponds were developed based 
on bathymetric surveys conducted during December 2008 and 
April 2009 by the USGS. Bathymetric surveys were conducted 
using a fathometer linked to a global positioning system with 
horizontal accuracy of 11–13 ft and depth accuracy of at 
least 1 centimeter (0.39 inch). Point data were imported into 
ArcMap™ and converted into a point feature dataset. Upon 
spatial review of bathymetric depths, some discrepancies 
in the pond floor were apparent in certain areas. These 
discrepancies were possibly due to the fathometer signal being 
interrupted by a tree stump, resulting in significant variation in 
depths among adjacent data points (in some case 1 ft or more.) 
Because of the high frequency of fathometer soundings and 
the belief that a subset of the data would eliminate many of 
these depth discrepancies, a subset of fathometer soundings 
was derived using the ArcGIS™ Geostatistical Analyst tool, 
“Create Subsets.” This subset routine uses a random sample 
of the dataset based on a user-designated percentage criteria. 
For this study, a 50-percent criterion was designated whereby 
one-half of the fathometer measurements were used for the 
bathymetric surface generation at the three ponds. 

Bathymethric surfaces were generated by using the 
ArcGIS™ 3D Analyst raster interpolation, “Spline with  
Barriers” tool. This tool allowed the generated raster to be 
restricted to the pond perimeter. The cell size used for contouring 
was 1 meter by 1 meter (3.21 by 3.21 ft); contours were gener-
ated at a 1-ft interval. Once a surface was generated using the 
subset of field measurements, the surface was compared to 
the entire dataset and minor manual modifications were made.

To calculate and project pond volume and surface area 
for a range of pond stages, a triangulated irregular network 
(TIN) was generated using the bathymetric contours. The 
ArcGIS™ 3D Analyst, Functional Surface, “Surface Volume” 
tool takes the altitude TIN and examines each individual 
triangle to determine its contribution to the area and volume. 
The tool requires the input of the elevation TIN along with 
user decisions to calculate below or above a defined reference 
plane or altitutde. The results are written to a text file. These 
data, computed using the geographic information system 
(GIS) for selected stage values, served as a basis to determine 
continuous relations between pond stage and volume using 
a second- or third-order polynomial regression of pond 
stage and pond volume. Similarly, relations between pond 
stage and surface area were developed using a second-order 
polynomial regression of pond stage and pond area. Changes 
in pond volume and surface area were computed by comparing 
values at different pond stages.

Estimation of Net Groundwater Seepage

The water-supply potential of a pond is dependent on  
the volume of water stored in the pond, precipitation and 
evaporation, surface-water runoff, and the rate of groundwater 
seepage into the pond. Figure 4 is a schematic diagram 
showing a conceptualization of groundwater flow and 
components of the water budget in the vicinity of a typical 
pond at HAAF. Groundwater seepage represents water either 
entering or leaving a pond as the result of hydraulic gradients 
between the aquifer and the pond. Net groundwater seepage 
(Gnet) is the difference between groundwater inflow minus 
outflow—when positive, more groundwater enters than leaves 
the pond; when negative, more groundwater leaves than 
enters the pond (Clarke and Abu Rumman, 2004). Rates and 
directions of groundwater seepage vary depending on ground-
water levels and pond stage and related changes in hydraulic 
gradient and cross-sectional area. Decreased pond stage or 
increased groundwater levels result in an increased hydraulic 
gradient toward the pond and increased rates of seepage to the 
pond. Increased pond stage results in a decreased or reversed 
hydraulic gradient, whereby seepage to the pond is either 
decreased or reversed.

A simplified hydrologic budget for three ponds was 
developed to estimate Gnet and provide an indication of the 
volume of water available for irrigation during dry periods. 
The water budget used measurements of precipitation, evapo-
ration, pond discharge, and pond-volume changes to estimate 
Gnet. A pond hydrologic budget was developed based on daily 
data using equation 1 (modified from Clarke and  
Abu Rumman, 2004): 
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	 Gnet = ΔV+ E – P – S + Q ± ε,	 (1)

where
	 ΔV 	 is the daily pond volume change, in  

million gallons,
	 E 	 is daily evaporation from the pond, in  

million gallons,
	 P	  is daily precipitation falling over the  

pond, in million gallons,
	 S	  is daily surface-water runoff, in million 

gallons (assumed 0, see below), 
	 Q 	 is daily discharge and pond leakage,  

in million gallons, and 
	 ε 	 is the error associated with the estimate.

Surface-water runoff was considered negligible due  
to permeable soils and low relief, and because the study  
was conducted during a mostly dry period. Volumetric 
estimates of precipitation and evaporation were computed  
by multiplying total daily precipitation or evaporation (in 
volume per unit surface area) by pond surface area. 

Evaporation estimates were based on evapotranspiration 
computed at an existing GaEMN site, Bamboo Farm, in 
Chatham County, about 8–9 miles to the west of the study  
area (Georgia Automated Environmental Network, 2009).  
Sensors at this weather station measure air temperature, 
relative humidity, wind speed and direction, net and total  
solar radiation, barometric pressure, precipitation, and soil 
temperature at 2-, 4-, and 8-inch depths. GaEMN estimates 
potential evapotranspiration from these data using the 
Priestley-Taylor method (Stewart and Rouse, 1976).

To induce a change in pond stage and assess higher rates 
of Gnet when there is a larger hydraulic gradient between 
the surficial aquifer and the pond (Clarke and Abu Rumman, 
2004), water was released (discharged) from Halstrum Pond 
and Oglethorpe Lake. To lower stage, water was discharged 
from the dam gate valve to a downstream location where 
infiltration did not affect test results. 

Quantification of measurement errors of each water-
budget component provides a measure of the reliability or 
accuracy of the hydrologic budget as a predictive tool (Lee 
and Swancar, 1997). Field measurements have an associated 
error depending on the method of measurement. Because 
Gnet is estimated from several different types of field 
measurements, the total error associated with its estimation 
is an accumulation of errors of the various measurements. 
The error (ε) for Gnet can be described using the following 
equation (Lee and Swancar, 1997) that accounts for percentage 
error of each parameter used in the computation:

	 εGnet = √ [(%εP × P)2 + (%εE × E)2 +
	     (%εV × V)2 + (%QV × Q)2],	 (2)

where
	 εGnet 	 is the error in Gnet in million gallons,
	 %εP 	 is the percentage error in precipitation,
	 %εE 	 is the percentage error in evaporation, 
	 %εV 	 is the percentage error in pond volume,
	 %QV	 is the percentage error in discharge, and
	P, E, V, and Q 	 are as defined for equation 1.

Water table

Surficial aquifer

Study pond Study pond

Pond evaporation

Pond stage 

Rainfall

Earthen 
dam

NOT TO SCALE

Conduit outflow
Dam leakage

Groundwater inflow

Ground-
water

outflow

Figure 4. Conceptual model of pond-aquifer flow for coastal area seepage ponds.
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Figure 4.  Conceptual model of pond-aquifer flow for coastal area seepage ponds.
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Pond volume changes were assigned a 5-percent error, and 
precipitation was assigned a 15-percent error based on a study 
by Winter (1981). At Wilson Gate Pond, an additional 5-percent 
error was added to precipitation values (total error 20 percent) 
because part of the data was estimated based on a regression 
analysis. Pond discharge was assigned an error of 10 percent 
at each of the ponds, with the exception of Oglethorpe Lake, 
which was assigned an error of 25 percent because of leakage 
through the earthen dam. An additional source of error is any 
water contributed to the pond by stream runoff, which could 
lead to large Gnet values during rainfall periods.

Errors associated with evaporation estimates are 
difficult to quantify. Factors affecting the accuracy of the 
estimate include the distance of the GaEMN site from HAAF 
(8–9 miles), and the method used to estimate evapotrans
piration by GaEMN. Mosner and Aulenbach (2003) conducted 
an assessment of methods used to estimate evapotranspiration 
at Lake Seminole in southwestern Georgia. Mosner and 
Aulenbach (2003) compared four methods used to estimate 
evaporation—including the Priestley-Taylor method used by 
the GaEMN to estimate evapotranspiration for this study— 
to the energy budget method, which is recognized as the one 
of the most accurate methods for determining lake evaporation 
(Winter, 1981). Their study concluded that estimates computed 
using the Priestley-Taylor method as computed by the GaEMN 
were generally lower than values computed using the energy-
budget method, with an average error of –18.7 percent, and 
monthly errors ranging from –83.2 to +0.5 percent. Errors 
were largest during September–March, with a mean error 
of 46.5 percent. Because studies at HAAF were conducted 
during the winter months, an error of 50 percent was assumed 
for evaporation estimates. Fortunately, evaporation was low 
during the study period (fig. 2), so the influence of such a  
large error factor on estimation of Gnet was minimal.

Discharge Measurements

Pond discharge was measured using a circular orifice 
weir at Halstrum Pond, and by making stream-discharge 
measurements using a Price AA current meter at Oglethorpe 
Lake. A continuous stream stage recorder was installed in the 
drainage canal downstream from the discharge weir at the golf 
course pond to enable estimation of stream discharge. Stream-
discharge measurements at this site were taken over a range of 
stage conditions to develop a best-fit line or “rating” based on 
visual examination of stage-discharge data using procedures 
described in Rantz and others (1982).

Determination of Pond Water Quality 

Water samples were collected from each of the four 
pond sites in April 2009 to assess basic water quality. At 
Oglethorpe Lake, Halstrum Pond, and Wilson Gate Pond, field 
properties—dissolved oxygen, temperature, specific conduc-
tance, and pH—were measured at several depths at the deepest 
part of each pond to determine if there was stratification of 
the water column. Based on these profiles, samples were 
collected from the pond at several depths and mixed together 
using a churn splitter. At the golf course pond, a water sample 
was collected at a weir, which is the point of discharge from 
the pond. Water samples were analyzed for major ions and 
nutrients. These samples represent the non-storm water-quality 
condition of the ponds. Because the ponds also serve to 
capture runoff from HAAF during storm events, it is likely 
that the quality of water changes during such storms.
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Hydrology and Water Quality
The hydrology of seepage ponds—including rates of 

net precipitation (Pnet) and Gnet and the volume of water 
stored in the pond—determines the amount of water available 
for water supply. In addition, suitability of pond water for 
irrigation purposes may be limited by the quality of water. 
The following sections describe the bathymetry, water budget, 
and water quality of seepage ponds located at HAAF.

Oglethorpe Lake

Oglethorpe Lake, also known as pond 29, was 
constructed in 1985 and covers a 9.5-acre area underlain by 
sandy soils (fig. 5). The pond is used to capture stormwater 
and also is used as a fishing pond. The pond, excavated to a 
maximum depth of about 9 ft, is contained by an earthen dam 
and captures runoff from Hickam Boulevard, Douglas Street, 
and Strachan Avenue. Stormwater enters the pond along the 
eastern shore from a ditch perpendicular to Douglas Street. 

After periods of prolonged, heavy rainfall, water discharges 
from the pond through an overflow culvert into a ditch along 
the western shore, downstream from the dam. Field studies 
at Oglethorpe Lake were conducted during November 7–
December 31, 2008. 

Bathymetry and Pond Volume
Bathymetric surveys conducted on December 3, 2008, 

and April 22, 2009, indicate that the altitude of the bottom 
of Oglethorpe Lake ranges from about 14 to 21 ft above the 
North American Vertical Datum of 1988 (NAVD 88; fig. 6). 
Numerous tree stumps are present along the bottom of the 
pond. The volume of water stored in Oglethorpe Lake and 
its surface area varies as pond stage changes. Pond stage was 
monitored from November 7 through December 31, 2008 
(fig. 7). During this period, stage above NAVD 88 ranged from 
a high of 23.17 ft on November 15, 2008, to a low of 21.37 ft 
on December 31, 2008. Stage declined during this period 
largely as the result of leakage from the dam and discharge 
through an open gate valve. 

Modified from U.S. Geological Survey Coastal Imagery
0.5-meter resolution, 2006 
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Figure 5.  Oglethorpe Lake, Hunter Army Airfield, Chatham County, Georgia.
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Figure 5.  Oglethorpe Lake, Hunter Army Airfield, Chatham County, Georgia.
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Pond volume and surface area were estimated using third- 
and second–order polynomial regression models, respectively, 
over a range of pond stages (fig. 8). At the highest recorded 
stage of 23.17 ft above NAVD 88 on November 15, the 
volume of water stored in the pond was about 7.28 million 
gallons (Mgal), covering a surface area of 415,379 square feet 
(ft2) or 9.53 acres. At the lowest recorded stage of 21.37 ft 
above NAVD 88 on December 31, the volume of water in 
the pond was about 6.26 Mgal, covering a surface area of 
372,588 ft2 (8.55 acres)

Water Budget
A simplified water budget was developed for Oglethorpe 

Lake based on daily pond stage, precipitation, evaporation, and 
discharge data collected during November 7–December 31, 
2008 (fig. 9). During this period, precipitation was limited 
to storms during November 13 and 28–30 and December 5, 
11, and 21. Daily evaporation at the GaEMN Bamboo Farm 
site, ranged from 0.01 to 0.08 inch during November 7–
December 31, 2008. 

The water budget for the pond can be expressed in terms 
of gains and losses to pond volume (fig. 9). Pond discharge is 
reflected as a loss to pond volume and is indicated by a nega-
tive value. Pnet is the difference between precipitation and 
evaporation, which provides an indication of the net gain (+) 
or loss (–) of water to the pond when computed with Gnet and 
pond discharge. Pnet and Gnet can be either positive (reflecting 
gains to pond volume) or negative (reflecting a loss to pond 
volume). During the study period, values of Pnet were largely 

Figure 7.  Stage and total daily precipitation at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, November–December, 2008. Stage recorded at 15-minute intervals .
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Figure 7.  Stage and total daily precipitation at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, November–December 2008. Stage recorded at 15-minute intervals.

Figure 8.  Relation of pond stage to computed 
volume and surface area, and regression fit of 
data, Oglethorpe Lake, Hunter Army Airfield, 
Chatham County, Georgia.

0

1

2

3

4

5

6

7

8

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

450,000

12 13 14 15 16 17 18 19 20 21 22

Pond stage, in feet above NAVD 88

Es
tim

at
ed

 p
on

d 
vo

lu
m

e,
in

 m
ill

io
n 

ga
llo

ns

Es
tim

at
ed

 p
on

d 
ar

ea
,

in
 s

qu
ar

e 
fe

et

y = 0.0221x3 – 0.9773x2 + 14.41x – 70.736  

R2 = 0.9998

y = 9088.270511x2 – 271486.828304x + 2023859.305490

R2 = 0.999173

Figure 8.  Relation of pond stage to computed 
volume and surface area, and regression fit of 
data, Oglethorpe Lake, Hunter Army Airfield, 
Chatham County, Georgia.



Hydrology and Water Quality    11

negative, indicating more water was leaving the pond from 
evaporation than entering it from precipitation. Exceptions 
occur when Pnet values were positive during rainfall events.

To induce a change in pond stage and assess Gnet, water 
was discharged from the pond by opening a gate valve at 
a culvert along the earthen dam. The valve remained open 
during November 11–24, 2008, and produced an estimated 
discharge of 366 gal/min. In addition to this induced discharge, 
the pond loses water by leakage through the dam. During 
visits to the site in November 2008, personnnel observed 
the pond leaking through the earthen dam at a rate of about 
280 gal/min to a drainage outlet about 30 ft below the top of 
the dam (fig. 10). Water was discharging from the lake through 

Figure 9.  Hydrologic and climatic data at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, and vicinity, November–December 2008. (A) Daily precipitation and net precipitation at 
Oglethorpe Lake, and estimated daily evapotranspiration at the Bamboo Farm, Georgia Environmental 
Monitoring Site; (B) net groundwater seepage; (C) pond stage; and (D) cumulative daily pond discharge.
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Figure 9.  Hydrologic and climatic data at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, and vicinity, November–December 2008. (A) Daily precipitation and net precipitation at 
Oglethorpe Lake, and estimated daily evapotranspiration at the Bamboo Farm, Georgia Environmental 
Monitoring Site; (B) net groundwater seepage; (C) pond stage; and (D) cumulative daily pond discharge.

small submerged sinkholes located along the pondward side 
of the earthen dam (fig. 11). The sinkholes were formed as fill 
material was eroded away by moving water. When additional 
pond discharge was induced through the culvert, the leakage 
rate decreased to about 48 gal/min as pond stage was lowered 
beneath the position of some of the sinkholes. As pond stage 
rises to the position of the sinkholes, leakage from the pond is 
expected to increase. Total discharge from Oglethorpe Lake 
is the sum of culvert discharge and pond leakage (fig. 12). 
Leakage through the dam at Oglethorpe Lake resulted in less 
reliable estimates of pond discharge, with actual values likely 
higher than estimated. For this reason, an error of 25 percent 
was assigned to discharge values at Oglethorpe Lake. 
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Figure 10.  Dam leakage at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, November 2008. Water is discharging into ditch about 30 feet beneath top of 
earthen dam at a rate of about 280 gallons per minute. Photograph by John S. Clarke, 
U.S. Geological Survey. 

Figure 11.  Oglethorpe Lake on December 3, 2008, after stage lowered by 1.42 feet. 
Circled area is where sinkholes were observed, with water discharging from the 
pond in several areas. In the foreground is the boat used for bathymetry survey. 
Photograph by John S. Clarke, U.S. Geological Survey.

Leakage from dam

Figure 10.  Dam leakage at Oglethorpe Lake, November 2008. Water is discharging 
into ditch about 30 feet beneath top of earthen dam at a rate of about 280 gallons per 
minute. Photograph by John S. Clarke, U.S. Geological Survey.  
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Figure 11.  Oglethorpe Lake on December 3, 2008, after stage lowered by 1.42 feet. 
Circled area is where sinkholes were observed, with water discharging from the 
pond in several areas. In the foreground is the boat used for bathymetry survey. 
Photograph by John S. Clarke, U.S. Geological Survey.



Hydrology and Water Quality    13

During November–December 2008, estimated daily Gnet 
ranged from +0.61 to –0.57 Mgal (fig. 9B). The largest com-
puted daily Gnet gain (indicated by a positive value) occurred 
following a rainstorm on November 13, and the largest daily 
loss (indicated by a negative value) occurred November 22, 
following an 8-day period of no rainfall. Some of the large 
Gnet gain on November 13 could be attributed to stormwater 
inflow to the pond.

Discharge from the pond is affected by changes in pond 
volume, Gnet, and Pnet. Figure 13 shows cumulative values 
for change in pond volume, pond discharge, Pnet, and Gnet 
during November 7–December 31, 2008. During this period, 
pond stage was lowered by 1.8 ft, resulting in a loss in pond 
volume of about 6.7 Mgal. Estimated cumulative discharge 
from the pond during the same period totaled about 7.4 Mgal. 
Because the rate of discharge is faster than the change in pond 
volume, the area between the two lines on figure 13 represents 
additional discharge provided by Gnet and Pnet. Gnet during 

this period totaled about 0.24 Mgal, or 36 percent of the 
additional discharge volume, and Pnet was about 0.43 Mgal, 
or 64 percent of the discharge volume. The 0.24 Mgal volume 
contributed by Gnet during the 55-day study period averages 
to a rate of only about 3 gal/min. Higher Gnet inflows 
occurred following rainfall events, with the maximum daily 
value of 0.61 Mgal on November 13, which is equivalent to 
a rate of 424 gal/min (fig. 9B). It is possible that some of the 
large Gnet gains following rainfall events can be attributed 
to stormwater inflow to the pond. The two longest periods of 
Gnet gains were on November 7–16 and 26–30 (fig. 9B): 

•	 During November 7–16, dam leakage of about 
3.84 Mgal resulted in a decline in pond stage of  
0.07 ft and a loss in pond volume of 0.46 Mgal  
(figs. 9, 13). One storm event on November 13  
resulted in a daily Pnet gain of about 0.17 Mgal. 
Gnet during November 7–16 contributed 
3.21 Mgal at an average rate of 223 gal/min.

Figure 12.  Daily average pond discharge at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, November–December, 2008.
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Figure 12.  Daily average pond discharge at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
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Figure 13.  Cumulative daily change in pond volume, discharge, net precipitation, and groundwater seepage, 
Oglethorpe Lake, Hunter Army Airfield, Chatham County, Georgia, November–December 2008.
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groundwater seepage, Oglethorpe Lake, Hunter Army Airfield, Chatham County, Georgia, November–
December 2008.
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•	 During November 26–30, pond stage rose by 0.19 ft, 
resulting in a gain in pond volume of about 0.6 Mgal 
(figs. 9, 13). This gain in volume occurred despite 
dam leakage volume loss of about 0.05 Mgal, and was 
largely the result of precipitation on November 28–30 
that resulted in a Pnet gain of 0.36 Mgal during this 
period. Gnet contributed 0.28 Mgal over the 3-day 
period at an average rate of 39 gal/min.

Uncertainty in Gnet estmates are due to combined errors 
associated with precipitation, evaporation, volume, and dis-
charge computed using equation 2. The largest error for daily 
Gnet estimates (0.28 Mgal) occurred November 20, when 
pond discharge was highest (fig. 9B). Because a 25-percent 
error was assigned to discharge at Oglethorpe Lake, the high 
discharge on these dates resulted in a larger overall error 
range. The variation in Gnet error was smaller during periods 
of decreased discharge from the pond.

Water Quality
To assess water quality at Oglethorpe Lake, field 

properties (specific conductance, dissolved oxygen, water 
temperature, and pH) were measured at four discrete depths 

in the deepest area of the pond near the dam on April 22, 
2009 (fig. 14). The deepest part of the pond is about 9 ft deep; 
measurements were collected at 8, 6, 4, and 2 ft. Temperature, 
pH, and dissolved oxygen gradually decrease with depth.  
Conversely, specific conductance slightly increases with depth. 
Levels of pH ranged from 6.3 to 7.2 and were within the 
Georgia Environmental Protection Division (GaEPD) standard 
for waters supporting warm-water species of fish of 6.0–8.5 
(Georgia Department of Natural Resources, 2005). Levels  
of dissolved oxygen met the GaEPD standard of 4 milligrams 
per liter (mg/L) for water supporting warm-water species of 
fishes (Georgia Department of Natural Resources, 2005), with 
the exception of the deepest water, measured at 8 ft, which had 
a dissolved oxygen concentration of only 3.3 mg/L. 

A composite water sample was collected on April 22, 
2009, from the four depth intervals, and analyzed for the dis-
solved constituents listed in table 1. Analytical results indicate 
that water from Oglethorpe Lake is low in dissolved solids 
and concentrations of most constituents. The water is fresh, 
with chloride concentration of 3.85 mg/L. Concentrations 
of analyzed constituents are all within U.S. Environmental 
Protection Agency primary and secondary maximum contami-
nant levels (MCLs) for drinking water (U.S. Environmental 
Protection Agency, 2009). 

Table 1.  Water quality analysis of ponds at Hunter Army Airfield, Chatham County, Georgia, April 2009.

 [<, less than; E, estimated value; —, no data]

Table 1.  Water quality analysis of ponds at Hunter Army Airfield, Chatham County, Georgia, April 2009.—Continued

 [<, less than; E, estimated value; —, no data]
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Figure 14.  Water quality profile at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, April 22, 2009. 
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Figure 14.  Water-quality profile at Oglethorpe Lake, Hunter Army Airfield, Chatham County, 
Georgia, April 22, 2009.

Table 1.  Water quality analysis of ponds at Hunter Army Airfield, Chatham County, Georgia, April 2009.
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Halstrum Pond

Halstrum Pond, also known as pond 24, is a 4.6-acre 
pond constructed in 1968 (fig. 15). The pond has a maximum 
depth of about 17 ft and is contained by an earthen dam 
(fig. 16). The pond is used to capture stormwater and is also 
used as a fishing pond. The pond captures runoff from Perim-
eter Road to the south and from a drainage ditch located east 
of the pond. Field studies at Halstrum Pond were conducted 
during November 10–December 31, 2008. 

Bathymetry and Pond Volume
A bathymetric survey conducted on December 4, 2008, 

indicates the altitude of the bottom of Halstrum Pond ranges 
from about 11 to 26 ft above NAVD 88 (fig. 17). The volume 
of water stored in Halstrum Pond and its surface area vary 

as pond stage changes. Pond stage was monitored from 
November 10 through December 31, 2008 (fig. 18). During 
this period, stage above NAVD 88 ranged from a high of 27 ft 
on November 13, 2008, to a low of 25.7 ft on November 20, 
2008. Stage declined during this period largely as the result of 
discharge through an open gate valve during November 18–20 
and rose in response to rainfall events on November 13, 15, 
28–30, and December 11. 

Pond volume and area were estimated using a GIS and 
second-order polynomial regression models to provide values 
for a range of pond stages (fig. 19). At the highest recorded 
stage of 27 ft above NAVD 88 on November 13, the volume 
of water stored in the pond was about 12.8 Mgal, covering a 
surface area of 200,408 ft2, or 4.6 acres. At the lowest recorded 
stage of 25.7 ft above NAVD 88 on November 20, the volume 
of water in the pond was about 10.8 Mgal, covering a surface 
area of 187,348 ft2, or 4.3 acres.

Modified from U.S. Geological Survey Coastal Imagery
0.5-meter resolution, 2006 

Halstrum
Pond

N
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Figure 15.  Halstrum Pond, Hunter Army Airfield, Chatham County, Georgia.

SOUTH PERIMETER ROAD

Figure 15.  Halstrum Pond, Hunter Army Airfield, Chatham County, Georgia.
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Figure 17.  Bathymetry of Halstrum Pond, Hunter Army Airfield, 
Chatham County, Georgia, December 2008.

Figure 16.  Halstrum Pond 
looking westward toward 
earthen dam, Hunter Army 
Airfield, Chatham County, 
Georgia.

Figure 17.  Bathymetry 
of Halstrum Pond,  
Hunter Army Airfield, 
Chatham County, Georgia, 
December 2008.
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Figure 18.  Stage and daily total precipitation at Halstrum Pond, Hunter Army Airfield, Chatham County, 
Georgia, November–December 2008. Stage recorded at 15-minute intervals.
Figure 18.  Stage and daily total precipitation at Halstrum Pond, Hunter Army Airfield, Chatham County, 
Georgia, November–December 2008. Stage recorded at 15-minute intervals .
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Figure 19.  Relation of pond stage to computed 
volume and surface area, and regression fit of 
data, Halstrum Pond, Hunter Army Airfield, 
Chatham County, Georgia.
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Figure 19.  Relation of pond stage to computed 
volume and surface area, and regression fit of data, 
Halstrum Pond, Hunter Army Airfield, Chatham 
County, Georgia.

Water Budget
A simplified water budget was developed for 

Halstrum Pond based on daily pond stage, precipitation, 
evaporation, net precipitation, and discharge data col-
lected during November 10–December 31, 2008 (fig. 20). 
During this period, precipitation was limited to storms 
during November 13, 15, and 28–30 and December 5, 9, 
11–12, 21, and 23. Daily evapotranspiration at the GaEMN 
site, Bamboo Farm, ranged from 0.01 to 0.06 inch during 
November 10–December 31, 2008. 

During the study period, values of Pnet were mostly 
negative, indicating that more water was leaving the pond 
from evaporation than entering it from precipitation (fig. 20A). 
Exceptions occurred when Pnet values were positive during 
rainfall events.

To produce a change in pond stage and assess Gnet, 
pond discharge was induced by opening a gate valve at a 
culvert along the earthen dam. The valve remained open  
during November 18–20 and produced an estimated discharge 
of 120–668 gal/min, for an average rate of 0.65 Mgal/d for  
the 3-day period. 

During November–December 2008, estimated daily  
Gnet was mostly positive (reflecting gains in pond volume), 
ranging from –0.11 to +0.25 Mgal (fig. 20B). The largest daily 
Gnet gain (indicated by a positive value) occurred following 
a rainstorm on November 30, and the largest daily loss 
(indicated by a negative value) occurred on November 15.  
The November 15th Gnet loss followed rainfall events on 
November 13 and 15, indicating a possible time lag for 
rainfall to affect Gnet. During the 52-day study period, Gnet 
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contributed a total accumulated volume of 1.34 Mgal, which 
is equivalent to a rate of 19 gal/min. Higher Gnet inflows 
occurred following rainfall events, with the maximum daily 
value of 0.25 Mgal on November 30, equivalent to a rate of 
175 gal/min. Some of the large Gnet gains following rainfall 
events could be attributed to stormwater inflow to the pond. 

Uncertainty in Gnet estimates are due to combined 
errors associated with precipitation, evaporation, volume, 
and discharge computed using equation 2. The largest daily 
error for Gnet estimates (0.11 Mgal) occurred November 19, 
when pond discharge was highest. Because a 10-percent 
error was assigned to discharge at Halstrum Pond, the high 
discharge on these dates resulted in a larger overall error 
range. The variation in Gnet error was smaller during periods 
of decreased discharge from the pond.

Discharge from Halstrum pond is affected by changes in 
pond volume, Gnet, and Pnet. Figure 21 shows the cumulative 
values for change in pond volume, pond discharge, Pnet, and 
Gnet during November 10–December 31, 2008. During this 
period, pond stage decreased in response to pond discharge 
and Pnet and Gnet losses, and rose in response to gains in 
Pnet and Gnet (fig. 20). 

A test was conducted during November 18–20 to deter-
mine the influence of changes in pond stage on Gnet (fig. 21). 
The test involved opening a gate valve to release water and 
lower pond stage, while monitoring discharge, pond stage, 
precipitation, and evaporation. The 3-day test released a total 
volume of 1.95 Mgal of water, and lowered pond stage by 
1.12 ft, resulting in a loss in pond volume of about 1.72 Mgal. 
Because the volume of pond discharge is 0.24 Mgal higher than 

Figure 20.  Hydrologic and climatic data at Halstrum Pond, Hunter Army Airfield, Chatham County, 
Georgia, and vicinity, November–December 2008. (A) Daily precipitation and net precipitation at the 
Halstrum Pond, and estimated daily evapotranspiration at the Bamboo Farm, Georgia Environmental 
Monitoring Site; (B) net groundwater seepage; (C) pond stage; and (D) cumulative daily pond discharge. 
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the change in pond volume, the area between the two lines on 
figure 21A represents additional water provided by Gnet and 
Pnet. The total Pnet volume during this period was –0.04 Mgal, 
so that Gnet totaled about 0.28 Mgal for a net gain in pond 
volume of 0.24 Mgal. Over the 3-day period, the average rate 
of Gnet into the pond was 65 gal/min. The pond gate valve 
was shut off on November 20, and recovery was monitored for 
a 7-day period of no rainfall (fig. 20). During this period, pond 
stage rose by 0.1 ft, for an increase in volume of 0.15 Mgal. 
Pnet totalled –0.08 Mgal due to evaporative loss, and Gnet 
contributed 0.23 Mgal. Over the 7-day period, the average rate 
of Gnet into the pond was 0.03 Mgal/d, or 23 gal/min.

Water Quality
To assess water quality at Halstrum Pond, field properties 

(specific conductance, dissolved oxygen, water temperature, 
and pH) were measured at eight discrete depths at the deepest 
part of the pond near the dam on April 22, 2009 (fig. 22). The 
deepest part of the pond is about 17 ft deep; measurements 
were collected at 2-ft intervals from 2 to 16 ft. Values of pH 
and specific conductance vary little with depth, with pH values 
ranging from 5.3 to 5.6 units and specific conductance ranging 
from 55 to 89 microsiemens per centimeter (µs/cm). Levels 
of pH did not meet the GaEPD standard of 6.0–8.5 for waters 
supporting warm-water species of fish (Georgia Department of 
Natural Resources, 2005). 

Water in the pond shows a decrease in temperature and 
dissolved oxygen with depth. Temperature was 22.1 degrees 
Celsius (°C) at a depth of 2 ft and was 14.8 °C at a depth of 
16 ft. Dissolved oxygen decreases from a high of 6.2 mg/L at 
a depth of 2 ft to less than 1 mg/L at depths of 10 ft or greater. 
At depths of 8 ft and greater, levels of dissolved oxygen did 
not meet the 4 mg/L GaEPD standard for water supporting 

Figure 21.  Cumulative daily change in pond volume, discharge, net precipitation, and net groundwater 
seepage, Halstrum Pond, Hunter Army Airfield, Chatham County, Georgia, November–December 2008.
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Figure 21.  (A) Cumulative daily change in pond volume and discharge and (B) net precipitation and net ground-
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Figure 22.  Water-quality profile at Halstrum Pond, 
Hunter Army Airfield, Chatham County, Georgia, 
April 21, 2009.
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Figure 22.  Water-quality profile at Halstrum Pond, Hunter 
Army Airfield, Chatham County, Georgia, April 21, 2009.

warm-water species of fishes (Georgia Department of Natural 
Resources, 2005). 

A composite water sample was collected on April 21, 
2009, from the 2- and 12-ft depth intervals and was analyzed 
for the dissolved constituents shown in table 1. Analytical 
results indicate water from Halstrum Pond is low in dissolved 
solids and concentrations of most constituents. The water is 
fresh, with chloride concentration of 6.52 mg/L. Constituent 
concentrations are all within U.S. Environmental Protection 
Agency primary and secondary drinking-water MCLs.
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Wilson Gate Pond

Wilson Gate Pond, also known as pond 35, is a 4.7-acre 
pond (fig. 23) constructed in 1998 with a maximum depth 
of about 7 ft. The pond serves to capture stormwater runoff 
from a drainage ditch located along White Bluff Road near the 
eastern perimeter of the installation and is also used for fishing 
(fig. 24). Stormwater enters the pond through a four-pipe 
culvert, and has an overflow discharge pipe that passes beneath 
North Perimeter Road. A stormwater monitor records precipita-
tion and stream-water-quality properties during storm events.

Bathymetry and Pond Volume
A bathymetric survey conducted on December 2, 2008, 

indicates that the altitude of the bottom of Wilson Gate Pond 
ranges from about 8 to 13 ft above NAVD 88 (fig. 25). The 
volume of water stored in Wilson Gate Pond and its surface 
area varies as pond stage changes. Pond stage was monitored 
from November 7 through December 31, 2008 (fig. 26). 
During this period, stage above NAVD 88 ranged from a 
high of 13.22 ft on November 30, 2008, to a low of 12.88 ft 
on November 27, 2008. Rising stage during this period was 
due to precipitation on November 13, November 28–30, and 
December 11, and stage declines were largely the result of 
evaporation and possible discharge from the pond through  
the culvert. 

Modified from U.S. Geological Survey Coastal Imagery
0.5-meter resolution, 2006 
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Figure 23.  Wilson Gate Pond, Hunter Army Airfield, Chatham County, Georgia.
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Figure 23.  Wilson Gate pond, Hunter Army Airfield, 
Chatham County, Georgia.

Figure 24.  Wilson Gate pond from top of earthen dam looking 
westward, Hunter Army Airfield, Chatham County, Georgia.
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Pond volume and area were estimated using a GIS and 
polynomial regression models for a range of pond stages 
(fig. 27). At the highest recorded stage of 13.22 ft above 
NAVD 88, the volume of water stored in the pond was about 
5.85 Mgal, covering a surface area of 202,266 ft2, or 4.64 acres. 
At the lowest recorded stage of 12.88 ft above NAVD 88, the 
volume of water in the pond was about 5.32 Mgal, covering a 
surface area of 190,310 ft2, or 4.32 acres.

Water Budget
A simplified water budget was developed for Wilson  

Gate Pond based on daily pond stage, precipitation, and 
evaporation data collected during November 7–December 31, 
2008 (fig. 28). Precipitation data were obtained from the 
stormwater site at HAAF (Russell Moncrief, U.S. Army,  
written commun., April 15, 2009). Because of several days  
of missing record at this site, precipitaton was estimated  
based on daily precipitation data at Oglethorpe Lake, about 
1.5 miles to the northwest. Because some of the precipitation 
data were estimated, an error factor of 20 percent was assigned 
for water-budget computations, rather than the 15-percent 
factor assigned at Halstrum Pond and Oglethorpe Lake.

Daily computed Pnet at Wilson Gate Pond ranged from
a low of –0.8 inch on November 7, to a high of 1.54 inches  
on November 13 (fig. 28A). During the study period, precipi
tation was mostly limited to storms during November 13, 
November 28–30, and December 11, and daily evapotrans
piration ranged from 0.005 to 0.08 inch. Daily values of Pnet 
were mostly negative, indicating more water was leaving the 
pond from evaporation than entering it from precipitation. 

Figure 26.  Stage and estimated daily total precipitation at Wilson Gate Pond, Hunter Army Airfield, 
Chatham County, Georgia, November–December 2008. Precipitation estimates based on regression 
analysis with Oglethorpe Lake. Stage recorded at 1-hour intervals.
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Figure 26.  Stage and estimated daily total precipitation at Wilson Gate Pond, Hunter Army Airfield, 
Chatham County, Georgia, November–December 2008. Precipitation estimates based on regression 
analysis with Oglethorpe Lake. Stage recorded at 1-hour intervals.

Figure 27.  Relation of pond stage to computed 
volume and surface area, and regression fit of 
data, Wilson Gate Pond, Hunter Army Airfield, 
Chatham County, Georgia.
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Figure 27.  Relation of pond stage to computed 
volume and surface area, and regression fit of data, 
Wilson Gate Pond, Hunter Army Airfield, Chatham 
County, Georgia.

Exceptions occur when Pnet values were positive during the 
aforementioned rainfall events. Despite these rainfall events, 
there was a small cumulative loss in pond volume during the 
study period (fig. 29).
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Figure 28.  Hydrologic and climatic data at Wilson Gate Pond, Hunter Army Airfield, Chatham County, 
Georgia, and vicinity, November–December 2008. (A) Daily estimated precipitation and net precipitation 
at Halstrum Pond, and estimated daily evapotranspiration at the Bamboo Farm, Georgia Environmental 
Monitoring Site; (B) net groundwater seepage; and (C) pond stage. 
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Figure 29.  Cumulative daily change in pond volume, net precipitation, and net groundwater seepage, 
Wilson Gate Pond, Hunter Army Airfield, Chatham County, Georgia, November–December 2008.
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Figure 28.  Hydrologic and climatic data at Wilson Gate Pond, Hunter Army Airfield, Chatham County, 
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Figure 29.  (A) Cumulative daily change in pond volume and (B) net precipitation and net groundwater 
seepage, Wilson Gate Pond, Hunter Army Airfield, Chatham County, Georgia, November–December 2008.
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During November–December 2008, estimated daily Gnet 
was mostly negative, reflecting loss of pond volume, and 
ranged from –0.20 to +0.26 Mgal (fig. 28B). The largest daily 
Gnet gain (indicated by a positive value) occurred following 
rainstorms on November 13, and the largest loss (indicated by 
a negative value) occurred on December 1. During the 55-day 
study period, the cumulative Gnet volume was –0.45 Mgal, 
or –5.74 gal/min, indicating a net loss to pond volume 
(fig. 29). Gnet inflows occurred following rainfall events, 
with the maximum daily value of 0.26 Mgal on November 13 
equivalent to a rate of 182 gal/min. Some of the large Gnet 
gains following rainfall events could be attributed to storm
water inflow to the pond.

Uncertainty in Gnet estmates are due to combined 
errors associated with precipitation, evaporation, volume, 
and discharge computed using equation 2. The largest error 
for daily Gnet estimates (0.04 Mgal) occurred November 13, 
following a large rainstorm of an estimated 1.58 inches 
(fig. 28B). Because a 20-percent error was assigned to 
precipitation at Wilson Gate Pond, the high rainfall resulted 
in a larger overall error range. The variation in Gnet error was 
smaller during periods of little or no precipitation at the pond. 

An indication of rates of groundwater replenishment 
(positive Gnet) to pond volume is provided by evaluating rates 
following three rainfall periods on November 12–13, 28–30, 
and December 10–11 (fig. 29). 

•	 During November 12–13, a 1.58-inch rainfall  
resulted in an increase in pond stage of 0.29 ft and  
an increase in pond volume of about 0.45 Mgal.  
Total Gnet volume during this period was 0.26 Mgal, 
or 91 gal/min.

•	 During November 27–30, 2.51 inches of precipitation 
resulted in an increase in pond stage of 0.34 ft, and  
an increase in pond volume of about 0.53 Mgal.  
Over the 3-day period, Gnet contributed a cumulative 
volume of 0.22 Mgal (fig. 28B), at an average rate of 
51 gal/min.

•	 During December 10–11, 0.34 in of preciptiation 
resulted in an increase in pond stage of 0.12 ft, and  
an increase in pond volume of about 0.18 Mgal. 
During the 2-day period, Gnet contributed a cumu
lative volume of 0.15 Mgal (fig. 28B), at an average 
rate of 51 gal/min.

Water Quality
To assess water quality at Wilson Gate Pond, field 

properties (specific conductance, dissolved oxygen, tem-
perature, and pH) were measured at three discrete depths at 
the deepest part of the pond on April 21, 2009 (fig. 30). The 
deepest part of the pond is about 7 ft deep; measurements 

were collected at 2, 4, and 6 ft. Values of pH and specific 
conductance show little variation with depth, with pH values 
ranging from 5.3 to 5.4 units and specific conductance ranging 
from 84 to 86 µs/cm. Levels of pH did not meet the GaEPD 
standard of 6.0–8.5 for waters supporting warm-water species 
of fish (Georgia Department of Natural Resources, 2005).

Water temperature and dissolved oxygen slightly 
decrease with depth. Temperature was 24.4 °C at a depth 
of 2 ft and was 22.7 °C at a depth of 6 ft. Dissolved oxygen 
decreases from 5.3 mg/L at a depth of 2 ft to 4.3 mg/L at a 
depth of 6 ft, meeting the 4-mg/L GaEPD standard for water 
supporting warm-water species of fishes (Georgia Department 
of Natural Resources, 2005).

A composite water sample was collected on April 21, 
2009, from the 2-, 4-, and 6-ft depth intervals (table 1). 
Analytical results indicate water from Wilson Gate Pond 
is low in dissolved solids and concentrations of most con-
stituents. The water is fresh, with a chloride concentration 
of 12 mg/L. Constituent concentrations are within U.S. 
Environmental Protection Agency primary and secondary 
drinking-water MCLs, with the exception of iron (419 µg/L), 
which exceeds the secondary MCL of 300 µg/L. Although not 
a health hazard, when the iron concentration exceeds 300 µg/L, 
iron staining of sidewalks and plumbing fixtures may occur. 
The reason for the high iron concentration is unknown but may 
be related to input from sources located offsite of HAAF.

Figure 30.  Water-quality profile at Wilson Gate Pond, 
Hunter Army Airfield, Chatham County, Georgia, 
April 21, 2009.
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Golf Course Pond
The golf course pond was constructed in 2000 and has a 

shallow unknown depth and area (fig. 31). The pond captures 
stormwater runoff from a drainage ditch along the eastern 
edge of the runway area (fig. 1) and is the only one of the four 
ponds not used for fishing. The pond discharges to a drainage 
ditch through a weir structure (fig. 32). Downstream from 
the weir, a continuous stormwater monitor operated by the 
U.S. Department of the Army at the location of USGS site 
02203542 measures precipitation and water-quality properties 
during storm events. 

Area and depth of the golf course pond were not 
delineated because streamflow records were used as a basis 
for evaluation and a detailed water budget analysis was not 

required. A report titled, “Golf Course Irrigation System 
Source Water Feasibility Evaluation” (U.S. Army Center for 
Heath Promotion and Preventative Medicine, 2008) indicated 
that the pond was designed to retain approximately 4.6 Mgal 
of surface water and stormwater. The report further stated that 
beaver dams obstructing the discharge weir had backed up 
water to levels 3 ft higher than designed, increasing the volume 
of water stored to about 7.4 Mgal. The same report indicated 
that the pond was discharging during drought conditions, 
suggesting it was fed by “groundwater seeps.” Measurements  
taken downstream from the weir during November 2007 and 
January 2008 indicated water was discharging from the pond  
at rates of 1–1.25 Mgal/d, or 694–868 gal/min (U.S. Army  
Center for Heath Promotion and Preventative Medicine, 2008).

Modified from U.S. Geological Survey Coastal Imagery
0.5-meter resolution, 2006 

Golf Course Pond

N 0 500 1,000 FEET

0 100 200 METERS

02203542

02203542 Surface-water monitoring site and identification

EXPLANATION

320021081074501

Figure 31.  Golf course pond, Hunter Army Airfield, Chatham County, Georgia. 

Figure 31.  Golf course pond, 
Hunter Army Airfield, Chatham 
County, Georgia.

Figure 32.  Weir at golf course pond Hunter Army Airfield, 
Chatham County, Georgia. In foreground is a stage gage for  
site 320021081074501.

Figure 32.  Golf course pond, Hunter Army Airfield, Chathan County, Georgia. 
In foreground is a stage gage for site 320021081074501.

Stage
gage
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Streamflow
The USGS collected 36 periodic streamflow measure-

ments, generally during storm events, at Harmon Canal (site 
number 02203542) located about 2,150 ft downstream from 
the golf course pond during March 1979–September 1987 
(figs. 31, 33). During this period, streamflow ranged from 
282.8 gal/min in March 1979, to 77,647.8 gal/min in Septem-
ber 1987, with a median value of 23,339.2 gal/min (table 2). 
The percentile of a data population provides an indication of 
the frequency that a specified value is exceeded. For example, 
the 10th percentile is the value that is higher than 10 percent  
of the data population, or, alternatively, is exceeded by 
90 percent of the population. During 1979–87, streamflow 
exceeded 6,171.4 gal/min 90 percent of the time, as indicated 
by the 10th percentile. It is important to note that these 

measurements targeted higher stormflow values and that aver-
age monthly streamflow would be lower because non-storm 
base-flow periods are included.

To provide a more recent and seasonal indication of the 
amount of available water discharging from the golf course 
pond, a continuous streamflow monitoring site was established 
about 25 ft downstream from the weir in February 2009. 
The site monitors stream stage on a continuous basis, which 
provides data needed to estimate streamflow based on a relation 
or “rating” of stage and periodic discharge measurements. 
Streamflow data for February–July 2009 are shown in figure 34. 
A comparison of field streamflow measurements to values gen-
erated by the rating curve indicates an approximate error range 
of 30 percent from the measured value (Anthony J. Gotvald, 
U.S. Geological Survey, oral commun., August 6, 2009). 

Figure 33.  Periodic streamflow at site 02203542, Harmon Canal, Hunter Army Airfield, Chatham County, 
Georgia, 1979–87. 
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Figure 34.  Hourly streamflow at golf course pond, Hunter Army Airfield, Chatham County, Georgia, 
February–July 2009.
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Figure 34.  Hourly streamflow at golf course pond, Hunter Army Airfield, Chatham County, Georgia, 
February–July 2009.
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During February–July 2009, streamflow at the golf course 
pond ranged from about 180 to 21,543.9 gal/min, with a median 
of 448.8 gal/min (fig. 34; table 2). Streamflow exceeded 
237.9 gal/min 90 percent of the time, as indicated by the  
10th percentile (table 2). Average daily discharge ranged from 
347.3 gal/min in March, to 1,700.6 gal/min in May. A longer 
period of data collection could provide a better statistical 
characterization for this site based on a wider range of  
climatic conditions.

Water Quality
To assess water quality at golf course pond, a water sam-

ple was collected and field properties (specific conductance, 

dissolved oxygen, temperature, and pH) were measured at 
the mouth of the discharge weir on April 22, 2009. Water 
discharging through the weir had a temperature of 21.3 °C, a 
specific conductance of 105 µS/cm at 25 °C, and a pH of 6.0 
(table 1). Dissolved oxygen was 3.8 mg/L, which is below the 
4-mg/L GaEPD standard for water supporting warm-water 
species of fishes (Georgia Natural Resources, 2005).

Analytical results indicate that water from the golf course 
pond is low in dissolved solids and concentrations of most 
constituents. The water is fresh, with a chloride concentration 
of 7.09 mg/L. Constituent concentrations are within U.S. 
Environmental Protection Agency primary and secondary 
drinking-water MCLs.

Table 2.  Statistical summary of streamflow data at golf course pond, Hunter Army Airfield, Chatham County, 
Georgia, 1979–87 and 2009. 

[—, no data]

 

Periodic data March 1979–September 1987 Continuous data February–July 2009

Cubic feet  
per second

Gallons  
per minute

Cubic feet  
per second

Gallons  
per minute

Number of values 36 36 2,414 2,414

Average 59.92 26,892.46 2.15 964.63

Minimum 0.63 282.76 0.40 179.53

10th Percentile 13.75 6,171.43 0.53 237.88

25th Percentile 19.78 8,875.63 0.87 390.48

50th Percentile 52.00 23,339.21 1.00 448.83

75th Percentile 86.23 38,700.45 2.10 942.55

90th Percentile 114.00 51,166.73 3.50 1,570.91

Maximum 173.00 77,647.76 48.00 21,543.89

Monthly average

January 105.2 47,195 — —

February 81.7 36,687 — —

March 10.4 4,687 0.8 347

April 32.7 14,675 1.1 487

May — — 3.8 1,701

June — — 1.0 453

July — — 2.6 1,169

August 49.4 22,161 — —

September 72.8 32,675 — —
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Water-Supply Potential

To meet the growing water demand at HAAF, the four 
ponds are being considered as possible sources of supple-
mental irrigation supply for several locations at HAAF. The 
water-supply potential of the ponds is determined by available 
volume, rates of Gnet and Pnet, and water quality. In addition, 
because some of the ponds are stocked and used for fishing, 
changes in stage that affect fish habitats need to be considered. 

An indication of the volume of water available for irriga-
tion supply at Oglethorpe Lake and Halstrum and Wilson Gate 
Ponds during dry climatic conditions is provided by comput-
ing the rate of depletion of pond volume for various discharge, 
Pnet, and Gnet rates (table 3). Because the ponds will serve 
as irrigation sources mostly during dry periods, evaporation 
and precipitation estimates are based on the long-term average 
values for July from the Savannah International Airport site 
(fig. 2). Average total precipitation for July during 1971–2000 
was 6.23 inches, and average monthly evaporation for July 
during 1965–2003 was 8.49 inches, resulting in a monthly 
Pnet of –2.26 inches. Rates of evaporative loss at each pond 
were adjusted to account for changes in pond surface area, 
with decreasing stage as pond volume is depleted. To provide 
conservative estimates of rates of depletion, the average 

estimated Gnet at each of the ponds for the study period 
was used for the evaluation; thus, greater quantities of water 
may be available from the ponds. This analysis assumes that 
there is no precipitation during the pumping period, that 
evaporation remains constant, and that rates of Gnet remain 
constant as pond stage is lowered. The latter assumption likely 
results in an underestimation of the amount of available water 
because a previous study by Clarke and Abu Rumman (2004) 
demonstrated that simulated Gnet rates increase in response to 
lowered pond stage. 

Irrigation demands are often quantified in terms of 
application rates per acre, usually expressed in inches per 
acre. According to the Georgia Cooperative Extension 
Service (Landry, 2009), “In general, most turf grasses grown 
in Georgia use about 1 inch of water per week to maintain 
normal growth and color. But under some conditions such as 
shallow rooting and high nitrogen levels, water use may be 
2 inches per week.” A 1-inch application over 1 acre would 
require 57 gal/min over an 8-hour period; a 2-inch application 
would require 114 gal/min. The following sections describe 
depletion of pond volume for discharge rates of 250, 500, and 
1,000 gal/min for an 8-hour per day (hr/d) pumping period. 
During an 8-hour period, pumping at a rate of 250 gal/min 
would enable application of 1 inch over 4.4 acres, 500 gal/min 
over 8.8 acres, and 1,000 gal/min over 17.6 acres.

Table 3.  Summary of pond volume and net groundwater seepage and pond-volume depletion rates for Oglethorpe Lake and 
Halstrum and Wilson Gate Ponds, Hunter Army Airfield, Chatham County, Georgia. 

[Depletion rates computed assuming an 8-hour per day irrigation period and long-term average climatic conditions during July and  
average net groundwater seepage during November–December 2008]

Site
Year  

constructed
Acres

Maximum 
volume  
(million  
gallons)

Average net  
groundwater seepage, 

November–December 2008 
(gallons per minute)

Number of days for depletion of  
storage at pumping rate

250 gallons 
per minute

500 gallons 
per minute

1,000 gallons 
per minute

Oglethorpe Lake 1985 9.5 7.28 3 58 31 16

Halstrum Pond 1968 4.6 12.8 19 130 60 29

Wilson Gate Pond 1998 4.7 5.9 –5.74 44 24 13
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Oglethorpe Lake

The quality of water from Oglethorpe Lake is fresh, 
with a chloride concentration of 3.85 mg/L. During the 
November–December 2008 study period, available volume 
in Oglethorpe Lake ranged from 6.26 to 7.28 Mgal, and Gnet 
averaged about 3 gal/min, with higher inflows following 
rainfall events. Assuming long-term average climatic condi-
tions for July and an 8 hr/d pumping period, total depletion of 
pond volume in Oglethorpe Lake would occur after 16 days at 
a pumping rate of 1,000 gal/min, after 31 days at a pumping 
rate of 500 gal/min, and after 58 days at a pumping rate of 
250 gal/min (fig. 35). A limitation on the quantity of water 
available in Oglethorpe Lake is leakage through the dam, with 
a maximum rate of 280 gal/min measured in November 2008.

Halstrum Pond

The quality of water from Halstrum Pond is fresh, with a 
chloride concentration of 6.52 mg/L. During the November–
December 2008 study period, available volume in Halstrum 
Pond ranged from 10.8 to 12.8 Mgal, and Gnet averaged about 
19 gal/min, with higher Gnet inflows following rainfall events. 
Assuming long-term average climatic conditions for July and 
an 8 hr/d pumping period, total depletion of pond volume in 
Halstrum Pond would occur after 29 days at a pumping rate of 
1,000 gal/min, after 60 days at a pumping rate of 500 gal/min, 
and after 130 days at a pumping rate of 250 gal/min (fig. 36).

Wilson Gate Pond

The quality of water from Wilson Gate Pond is fresh, 
with a chloride concentration of 12 mg/L. During the 
November–December 2008 study period, available volume in 
Wilson Gate Pond ranged from 5.32 to 5.85 Mgal, and Gnet 
averaged –5.74 gal/min; however, Gnet inflows occurred fol-
lowing rainfall events. Assuming long-term average climatic 
conditions for July and an 8 hr/d pumping period, total deple-
tion of pond volume in Wilson Gate Pond would occur after 
13 days at a pumping rate of 1,000 gal/min, after 24 days at a 
pumping rate of 500 gal/min, and after 44 days at a pumping 
rate of 250 gal/min (fig. 37).

Pumping rate—
   In gallons per minute

EXPLANATION

Figure 35.  Hypothetical rate of depletion of pond 
volume at pumping rates of 1,000, 500, and 250 gallons 
per minute for 8 hours per day for long-term climatic 
conditions during July at Oglethorpe Lake, Hunter 
Army Airfield, Chatham County, Georgia.
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Figure 35.  Hypothetical rate of depletion of pond 
volume at pumping rates of 1,000, 500, and 250 gallons 
per minute for 8 hours per day for long-term climatic 
conditions during July at Oglethorpe Lake, Hunter Army 
Airfield, Chatham County, Georgia.
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Figure 36.  Hypothetical rate of depletion of pond 
volume at pumping rates of 1,000, 500, and 250 gallons 
per minute for 8 hours per day for long-term climatic 
conditions during July at Halstrum Pond, Hunter Army 
Airfield, Chatham County, Georgia.
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Figure 36.  Hypothetical rate of depletion of pond volume 
at pumping rates of 1,000, 500, and 250 gallons per minute 
for 8 hours per day for long-term climatic conditions during 
July at Halstrum Pond, Hunter Army Airfield, Chatham 
County, Georgia.

Figure 37.  Hypothetical rate of depletion of pond 
volume at pumping rates of 1,000, 500, and 250 gallons 
per minute for 8 hours per day for long-term climatic 
conditions during July at Wilson Gate Pond, Hunter 
Army Airfield, Chatham County, Georgia.
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Figure 37.  Hypothetical rate of depletion of pond 
volume at pumping rates of 1,000, 500, and 250 gallons 
per minute for 8 hours per day for long-term climatic 
conditions during July at Wilson Gate Pond, Hunter 
Army Airfield, Chatham County, Georgia.
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Golf Course Pond

Currently (2009), irrigation water at the golf course 
pond is derived from the HAAF potable water system, 
which is supplied by wells completed in the Upper Floridan 
aquifer. Average reported water use at the golf course during 
2005–2007, a period of below-normal precipitation, is listed 
in table 4. Maximum monthly usage generally occurs during 
March–May and July–October, with a maximum average 
of 7.91 Mgal (0.26 Mgal/d) used during the month of July. 
Assuming an 8-hour daily irrigation period, the average 
pumping rate required to meet the demand during March–May 
and July–October would range from 214 to 531 gal/min. 
Average daily golf course water-use data for 2005–07 and 
periodic streamflow measurements during 1979–87 and 2009 
are shown in figure 38.

The quality of water from the golf course pond is 
fresh, with a chloride concentration of 7.09 mg/L. During 
February–July 2009, streamflow downstream from the golf 
course pond exceeded 237.9 gal/min 90 percent of the time 
(table 2). Daily average streamflow ranged from 347.3 gal/min 
in March to 1,700.6 gal/min during May, with higher values 
caused by storm events. The average daily streamflow during 
February–July 2009 exceeded average daily water use at the 
golf course during the same months in 2005–07 (fig. 38). In 
addition, periodic streamflow measurements during 1979–87 
exceeded average 2005–07 golf course water use during 
January–April, August, September, and December, exceeding 
6,171 gal/min 90 percent of the time.

Figure 38.  Average daily golf course water use, 
2005–07, periodic streamflow measurements during 
1979–87, and average daily streamflow during March–
July 2009, golf course pond, Hunter Army Arifield, 
Chatham County, Georgia.

Figure 38.  Average daily golf course water use, 2005–07, 
periodic streamflow measurments during 1979–87, and 
average daily streamflow during March–July 2009, golf 
course pond, Hunter Army Airfield, Chatham County, Georgia.
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Summary 
Water from all four ponds at HAAF is fresh, with 

chloride concentrations below 12 milligrams per liter (mg/L). 
With the exception of iron in Wilson Gate Pond, constituent 
concentrations are below U.S. Environmental Protection 
Agency primary and secondary maximum contaminant 
levels (MCLs) for drinking water. Water in Wilson Gate 
Pond contains an iron concentration of 419 micrograms per 
liter (µg/L), which exceeds the secondary MCL of 300 µg/L. 
Although not a health hazard, when the iron concentration 
exceeds 300 µg/L, iron staining of sidewalks and plumbing 
fixtures may occur. Levels of dissolved oxygen were below the 
Georgia Environmental Protection Divison standard of 4 mg/L 
for water supporting warm-water fishes at deeper depths in 
Oglethorpe Lake, Wilson Gate Pond, and Halstrum Pond, and 
in the composite sample at the golf course pond.

Quantitites of freshwater from the four ponds are limited 
by pond volume and net groundwater seepage (Gnet) rates 
during periods of low precipitation. Pond volume for the 
observed range of stage was determined for Oglethorpe Lake, 
Halstrum Pond, and Wilson Gate Pond. Storage volume 
ranged from 5.32 to 12.8 million gallons (Mgal), with the 
greatest storage volume available in Halstrum Pond. During 
the November–December 2008 period, used to compute 
water budgets at the three ponds, average Gnet ranged from 
–5.74 gallons per minute (gal/min) at Wilson Gate Pond, 
indicating net loss in seepage, to 19 gal/min at Halstrum Pond, 
indicating a net gain in seepage. During several periods of 
stage recovery, daily Gnet rates were higher than the 2-month 
average, with the highest rates of 178– 424 gal/min occurring 
during limited periods following major rainfall events. 
More typical Gnet rates were 23 gal/min in Halstrum Pond, 
51– 91 gal/min in Wilson Gate Pond, and 39–223 gal/min in 
Oglethorpe Lake. Some of the large Gnet gains following 
rainfall events could be attributed to stormwater inflow to  
the pond.

An indication of the volume of water available for 
irrigation supply at Oglethorpe Lake and Halstrum and 
Wilson Gate Ponds was provided by computing the rate of 
depletion of pond volume for a variety of withdrawal rates 
based on long-term average July precipitation and evaporation 
and the lowest estimated Gnet rate at each pond. Withdrawal 
rates of 1,000, 500, and 250 gal/min, were projected over 
an 8-hour daily pumping period. At a withdrawal rate of 
1,000 gal/min, available pond volume would be depleted in 

13 days at Wilson Gate Pond, 16 days at Oglethorpe Lake, and 
29 days at Halstrum Pond. Pumping at a rate of 500 gal/min 
would deplete pond volume in Oglethorpe Lake in 31 days, 
in Halstrum Pond in 60 days, and in Wilson Gate Pond in 
24 days. Pond volume would be depleted while withdrawing 
at a rate of 250 gal/min in 44 days at Wilson Gate Pond, 
58 days at Oglethorpe Lake, and 130 days at Halstrum Pond. 
This analysis assumes that there is no precipitation during 
the pumping period, that evaporation remains constant, and 
that rates of Gnet remain constant as pond stage is lowered. 
The effect of stage changes resulting from withdrawal on fish 
populations in the ponds would need to be considered when 
developing a water-withdrawal plan for each pond.

Accuracy of Gnet estimates are limited by the accuracy 
of each water-budget component. Field measurements have 
an associated error depending on the method of measurement; 
total Gnet error is an accumulation of the errors of the various 
measurements. Note that different climatic conditions and 
pumping rates would influence the rate of pond-volume 
depletion, and that reducing pond stage beyond the range of 
observed test conditions during November–December 2008 
also increases rates of net groundwater seepage into the ponds. 
Despite these limitations, the aforementioned analysis gives 
some indication of the sustainability of pumping the ponds 
during dry summer conditions.

The water-supply potential at the golf course pond 
was assessed by measuring flow downstream from the pond 
during February–July 2009, and examining historic stormflow 
measurements collected during 1979–87. These measurements 
indicate that streamflow during these periods exceeded 
average daily water use at the golf course pond during 
2005–07, a period of below-normal precipitation when water 
demand would be expected to be higher. Assuming an 8-hour 
daily irrigation period, the average discharge rate required to 
meet golf course water demand during peak demand months 
of March–May and July–October exceeds 200 gal/min, 
with the greatest rate of 531 gal/min during July. During 
February–July 2009, daily average streamflow downstream 
from the golf course pond exceeded 238 gal/min 90 percent of 
the time. Daily average streamflow ranged from 347 gal/min 
in March to 1,700 gal/min during May, with higher values 
due to storm events. Periodic streamflow measurements 
during 1979–87 exceeded 6,171 gal/min 90 percent of the 
time; however, these measurements are skewed toward higher 
stormflow values, and average monthly streamflow would be 
lower because non-storm base-flow periods are included.
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